Background: The mysid Heteromysis (Heteromysis) microps is reported for the first time in the Bay of Biscay. During surveys carried out between March and September 2015 in Arcachon Bay, mysid specimens were fortuitously collected from Upogebia pusilla burrows. Results: Details on morphology, colour pattern and behaviour of H. microps are provided.
Background
The thalassinidean mud shrimp Upogebia pusilla (Petagna, 1792) occurs in high densities in intertidal flats in the NE Atlantic and in shallow lagoons in the Mediterranean Sea. As its Y-shaped burrows penetrates deep into the sediment (up to 1 m), this shrimp is considered an important ecosystem engineer (Jones et al., 1994; Pillay and Branch, 2011) . Indeed, through its intense bioturbation activity, it greatly influences sedimentary biogeochemical processes and enhances fluxes across the sediment-water interface with knock-on effects on the whole benthic communities (Ziebis et al., 1996; D' Andrea and DeWitt, 2009; Pascal et al., 2016) . Upogebia also intensively ventilate their burrows through pleopod beating (Dworschak, 1981) for respiratory and trophic requirements (Sato et al., 2001) . Deep and well irrigated mud-shrimp burrows represent efficient refuges against predation for a variety of commensal species such as shrimps (e.g. Betaeus longidactylus Lockington, 1877) (Campos et al., 2009) , pea crabs (e.g. Scleroplax granulata Rathbun, 1894) (Campos, 2006) , bivalves (e.g. Peregrinamor ohshimai Shôji, 1938) (Kato and Itani, 1995) , polychaetes (e.g. Hesperonoe hwanghaiensis Uschakov & Wu, 1959) (Sato et al., 2001) , phoronids (e.g. Phoronis pallida Silén, 1952) (Santaga, 2004) and goby fishes (e.g. Eutaeniichthys gilli Jordan & Snyder, 1901) (Henmi and Itani, 2014) . During a recent study aiming at quantifying the influence of U. pusilla on porewater exchanges and nutrient cycling (Pascal et al., 2016) , specimens of Heteromysis (Heteromysis) microps (G.O. Sars, 1877) were fortuitously collected in their burrows from tidal flats of Arcachon Bay, thus providing the opportunity for new observations on the morphology and behaviour of this rare species in European waters. 
Results

Systematics
Material examined
For the 68 specimens of H. microps collected, size and sex were determined. The sex-ratio of the population was 2:3 (male:female). Brooding females were absent from March samples and represented 44.4 % and 60 % of the total females in July and September, respectively. The size range of individual body length BL was measured in each demographic category: 5.59-9.27 mm (7.42 ± 1.10 mm; x ± s) in males, 5.27-8.73 mm (6.44 ± 0.84 mm) in females and 6.99-9.44 mm (8.07 ± 0.87 mm) in brooding females. Juveniles were never collected during our survey.
Generic diagnosis (according to Wittmann, 2000) Heteromysinae with eyes normal. Appendix masculina representing a very small setose lobe or reduced to a setose ridge. Antennal scale usually short, setose all around, without or with a small apical article. Mouthparts normal; labrum not produced into a spiniform process. First thoracic endopod with a large endite on the basis, and smaller endites on ischium and merus (an additional small, conical endite may be present on the coxa, although rarely noted by previous authors). Third thoracic endopod subchela-like (gnathopod), with enlarged carpopropodus and strong dactylus. Carpopropodus of fourth to eighth thoracic endopods with 3-7 articles. Penis long and more or less cylindrical. Pleopods entire, reduced to small plates in both sexes; nondimorphic (subgenus Heteromysis) or dimorphic (some other subgenera). Uropods normal, entire; exopod with setae all around; endopod without or in most species with stout setae along inner margin. Telson with stout setae on lateral margins; distinct apical cleft present, margins of cleft with a number of laminae.
Description
Based on two males (Arcachon Marine Station Collection), BL = 7.52 mm and 7.89 mm, Arcachon Bay, March 2015.
Antennal scale small, shorter than antennular peduncle. Sternal processes absent in females, present on second to eighth sternites in males: first anterior one with blunt bifid apex, subsequent ones with more or less acute bifid tip and the last posterior one very reduced and coneshaped (Fig. 1a) . Endopod of thoracopod 3 (gnathopod) very robust, longer than cephalothorax, non-dimorphic; merus large, bearing 12 cuspidate setae on ventral margin of inner face (from 11 to 16 for other specimens), 9 cuspidate setae on ventral margin of outer face (from 8 to 11 for other specimens), 1 sub-distal seta on dorsal margin (Fig. 1b) , ventrodistal part with an inner roundish lobe and an outer acute lobe between which carpopropodus folds down; carpopropodus with one pair of cuspidate setae at ventrodistal angle between which dactylus bends down to form a powerful subchela; dactylus with 3 long, tip-curved setae along outer face (Fig. 1b) . Pleopods normal, non-dimorphic. Telson cleft, with 1 stout seta on basal third of lateral margin, followed by a naked portion and then 9 stout setae on distal half (7 to 10 stout setae on other specimens) (Fig. 1c ). Uropod endopod with 1 stout seta on proximal part of inner margin, near statocyst ( Fig. 1d) . (1877) and Tattersall and Tattersall (1951) ) Sars (1877) described only adult females and Tattersall and Tattersall (1951) described only a single adult male. All the data on females given by the last authors were depicted from Sars (1877).
Telson:
Tattersall and Tattersall (1951) re-described H. microps with a telson armed with 12-14 stout setae on each side. The Arcachon specimens show no more than 11 stout setae (one near the base and 10 on the distal half ) as first described by Sars (1877) in the original description of H. microps.
Thoracopod 3:
All the Arcachon specimens bear 3 long setae on their dactylus. Tattersall and Tattersall (1951) mentioned the presence of two subdistal pairs of small stout setae as well as a pair of distal finger-like projections along the ventral margin of the carpopropodus (proximal article). However, in Sars's original description of this species (1877; Fig. 20-9 ), the subdistal stout setae are clearly more developed and the 'distal finger-like projections' are in fact represented as a pair of articulated stout setae (shorter than the other ones). Our own observations on Arcachon specimens confirm Sars's original interpretation (a pair of distal stout setae, not finger-like projections), but without two pairs of stout setae along the carpopropodus inner margin (rarely with one short pair). Tattersall and Tattersall (1951) mentioned the presence of 10 sensitive stout pedestal setae (probably 12 of these setae in Sars's original description) and one distal setal tuft along the merus inner margin. Such a setal tuft was not observed in Arcachon specimens and 11-16 sensitive stout pedestal setae were counted on their merus inner margin. Furthermore, setal ornamentation shows some slight differences between right and left thoracopod 3 endopods, when considering a single specimen.
Coloration
As the specimens were observed alive after capture, new data on their colour pattern can be provided. General appearance orange (Fig. 2a) . Cornea brown-golden, surrounded by pink-red coloration (Fig. 2b) . Eyes and antennae iridescent (Fig. 2b) . Cephalon rust-coloured (Fig. 2a) . Rust-coloured chromatophores scattered dorsally and laterally over carapace and between 6 th abdominal segment and telson. Appendages and uropods not pigmented. Eggs brown. The body coloration disappeared within a few minutes after fixation (alcohol or formalin).
Geographical distribution and habitat
Relatively rare species, from Norwegian coast to Mediterranean Sea (Tattersall and Tattersall 1951; Tattersall, 1967; Dauvin and Vallet, 1997) . In coastal areas, from 6 to 33 m depth, on mud to pebble bottoms (Zouhiri et al., 1998) , Posidonia oceanica (Linnaeus) Delile, 1813 meadows (Wittmann, 2001) and, according to the present study, within burrows of U. pusilla in intertidal Zostera noltei meadows.
Discussion
The genus Heteromysis is divided in 4 subgenera and is the most speciose of the Mysidae with 82 species currently considered valid (Mees, 2015) . Only one species was previously mentioned from the southern Bay of Biscay: Heteromysis (Heteromysis) norvegica G.O. Sars, 1882, on bathyal bottoms (Frutos and Sorbe, 2014) . Members of this genus are generally distributed in coastal warm-water regions and most of the species are restricted to small geographical areas (Fukuoka, 2005) . This study reports on the first record of H. microps in the Bay of Biscay, and most importantly, its first record in association with another invertebrate species. Despite an important number of macrobenthic studies since the 1960s in Arcachon Bay (see Blanchet, 2004 ) and particularly in Z. noltei meadows , H. Fig. 1b-d) . a lateral view; b anterior part microps was never found in that bay. Therefore, this mysid should not be considered as a new inhabitant of Arcachon Bay, and its absence in previous ecological studies can be explained by the lack of specific investigations on Upogebia pusilla burrows before 2015. H. microps is probably commensal with this burrowing shrimp. As it usually occurs on soft bottoms (Zouhiri et al., 1998) and in seagrass meadows (Wittmann, 2001) , the association found in this study could be a local phenomenon.
Coastal mysids, and particularly species belonging to the genus Heteromysis, are known to prefer complex habitats such as dense vegetation, shells and gravels or to live in association with different invertebrate species (Wittmann, 2008) . Commensalism in the genus Heteromysis was first demonstrated by Clarke (1955) , describing an association between Heteromysis actiniae Clarke, 1955 and the sea-anemone Bartholomea annulata (Lesueur, 1817) in Bahamas Islands (Tattersall, 1967) . Heteromysis species are known to have various hosts like sponges, corals, gorgonians, sea anemones, brittle stars and hermit crabs inhabiting empty shells (Wittmann, 2008; Wittmann et al., 2014) . In Arcachon Bay, Upogebia burrows provide peculiar microhabitats where mysids can live more safely against predation and environmental perturbations as well as against desiccation at low tide.
According to Dworschak (1987) , U. pusilla is primarily a filter-feeding species, generating a water flow into its burrow by pleopods beating. Astall et al. (1997) demonstrated that the mean irrigation rate into the burrows of Upogebia deltaura (Leach, 1815) and U. stellata (Montagu, 1808) were 149.5 ml.h −1 and 139.7 ml.h −1
, respectively. The suspended material associated with water flow is driven to the "basket" formed by the long setae beared by pereopods 1-2, then transferred to the mouthparts by maxilliped 3 (Dworschak, 2004) . As H. microps is a suspension feeder (Mees, 2016) , this species could take advantage of the particle flow generated by the Upogebia host within its burrow. This nutritional model has been previously reported by Vannini et al. (1994) for Heteromysis (Gnathomysis) harpax (Hilgendorf, 1878). This latter species is associated with hermit crabs belonging to the genus Dardanus Paul'son, 1875 and ingests suspended particles brought into the gill chamber by the host. According to Dworschak (1987) , U. pusilla is also a deposit feeder via a 'gardening' behaviour. Indeed, this decapod can actively store detritus and plant fragments in the walls of its burrow, consuming them with their associated microflora. Mysids are also able to pick up detritus particles with their anterior thoracopods (Albertson, 2004) . Unexpectedly, the huge thoracopod 3 of H. microps (a morphological peculiarity of this genus) does not appear to be related to a predator behaviour but could be used to consume the organic particles stored in Upogebia burrows. Furthermore, San Vicente and Monniot (2014) suggested that the enlarged thoracopod endopods of Heteromysinae could be used as weapons. With the adoption of a symbiotic life in these taxa, it is suggested that these weaponries probably have played an important role in determining the behaviour and morphological evolution of such mysids (Vannini et al. 1994 ).
Conclusions
In this study, commensalism seems to be proved between the mysid and its host. As the mysid associate remains external and was never found in another habitat in Arcachon Bay, the association between H. microps and U. pusilla may be classified as obligatory ectocommensalism (Nardon and Charles, 2002; San Vicente and Monniot, 2014) . H. microps seems to take advantage of the filter feeding and the gardening behaviour of U. pusilla. Furthermore, H. microps is clearly protected from predators within U. pusilla burrows.
Further studies will be conducted to understand the behaviour of both species (laboratory experiments in thin aquariums, each colonized by one U. pusilla specimen). These mesocosm observations will allow answering different questions: (1) what is the behaviour of mysids during night time? Indeed, Heteromysis species become actively pelagic at night while they live sheltered during daytime (Tattersall, 1967; Wittmann, 2008) ; (2) are mysids able to breed within Upogebia burrows, thereby benefiting from some protection for their offspring?; (3) are mysids expulsed from burrows during the breeding period of U. pusilla?
Methods
Study area
Arcachon Bay is a 180-km 2 macrotidal coastal lagoon (maximum tidal range: 4.9 m) located on the southwestern coast of France (Fig. 3) . This lagoon is connected with the Atlantic Ocean by a narrow channel and receives freshwater inputs in its south-eastern part (Leyre River). It is characterized by large intertidal flats (115 km 2 ), the lower parts of which are used for cupped oyster [Crassostrea gigas (Thunberg, 1793)] farming. Most of the intertidal area (46.2 km 2 ) is covered by seagrass beds, Zostera noltei Hornemann, 1832 (Plus et al., 2010) . In the inner lagoon, tidal channels represent an area of 71 km 2 , with 1.02 km 2 occupied by eelgrass beds, Zostera marina Linnaeus, 1753 (Plus et al., 2010) .
Material examined
During surveys carried out between March and September 2015, 68 mysid specimens were fortuitously collected from Upogebia pusilla burrows (0-1 individual per burrow), using a bait piston pump and later on identified as H. microps according to the identification key published by Wittmann (2008) for Atlantico-Mediterranean species. Sampling was carried out at low tide within a homogeneous patch of Z. noltei at "Navire Brûlé" site (temperature from 7 to 21°C, salinity from 21.9 to 32.8) (Fig. 3) . All specimens were examined under a Nikon SMZ25 stereomicroscope and photographed with a Nikon DS-Ri 2 camera, after anaesthetizing them with magnesium chloride (MgCl 2 ). An image of one specimen was drawn with a Wacom Intuos 5 tablet, using Inkscape software (v.0.48). Body length BL was measured with the NISElements Analysis software from the rostrum anterior margin to the telson apex.
